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SUMiaEY 



Results are given of inverted-spin tests of 44 air- 
plane models in the NACA 15-foot and 20-foot free-spinning 
tv.nrelo« The data indicated that spins normally were 
steep and recovery "by rudder reversal generally was rapid* 
Pullirir' the stick "back diminished the tendency for the 
model'? c spin, Dciflecting ailerons and rudder t0i?:ether 
tended to prevent the spin and crossing these controls 
tended to retard recovery. 



INTRODUCTION 



Inver t ed— sp in tests of approximately 50 airplane 
models have "been aade over a period of several years in 
the IIACA 15-foot and 20-foot free-spinning tunnels. The 
data for 44 of those models have "been collGcted and are 
prosenoed in the present report. A detailed anal3rsis of 
the data is not made; hov/ever , several well-defined trends 
are pointed out. Special o::iphasis is <p;iven to the effects 
of aileron deflection on the recovery from the spin he- 
cause relatively little attention has been given this 
aspect in reported flight tests of inverted spins (refer- 
ences 1 and 2 ) . 



MODELS 



The typo and raass characteristics of the airplanes 
for v;hich model test results are presented arc given in 
tahle !• The models represented conventional monoplanes 
with the exception of a hiplane a tailless air- 

plane (XP-56), and a canard airplane (CW24-B). Because 
"both single-engine and multiengine designs wore tested, 
a wide range of mass distr ilDut ion was covered^ 



The construction of spin models is described in 
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detail In reference S. The mcdele . constructed princi-^ . 
pally of talsa, were Ijallasted for dynamic similarity to 
the corresponding airplane "by the installation of proper 
weights at suitable locations. A remote-control mecha- 
nism served to move the rudder (or rudders) during the 
recovery tests. She maxlnun angular deflections of the 
controls used on each model were the same as for the air- 
plane represented. 

The models ropresentod the airplanes in the normal 
loading condition. Tor the tests her,3in considered, the 
flaps wore neutral and the landing gears were retracted 
except for the airplanes with nonrctractahle landing gear, 

TEST ma PEOCEDUHS 

The testing procaduros in hoth the JIACA IS-foot and 
the NACA 80-foot f rce-spinnin'f!: tunnels are essentially as 
described in reference 3. ¥ith the elevator and ailerons 
fixed in the desired positions and with the rudder ^or 
rudeors) set full x^ith the desired spin, the model is 
launched by hand with an initial rotation in the direction 
of the sT>in. Recoveries arc attoir^ptcd by a rapid reversal 
of the rudder (or rudders) from full with the spin to full 
arainst the spin. Photographic observations are made uur- 
l^g'the steady spin of the acute angle a between the 
thrust axis .and. the vertical (approximately equal to the 
absolute value of the angle of attack at the plane of sym- 
metry). Visual and photographic observations are also 
made of the number of turns for recovery H. whicn is 
defined as the number of turns the spinning f^del makes 
between the time the controls are moved and -he time the 
spin rotation ceases. 

ERECISICIT 



The angle a can be measured within 1° and the nun- 
ber of recovery turns within l/4 turn, except for certain 
cases in which the model is difficult to handle in the 
tunnel because of the wandering 'or oscillatory, nature of 
the spin. 

Conparison between model and airplane results for 
erect sr)ins (reference 3) indicates that, because of scale 
and tunnel effects, lack of detail in the model, and dxf- 
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' f erences in technictues , the spin-tunnel results are not 
always in complete agreoinent with results for the actual 
airplane* For a given loading condition and control set- 
ting, somev/hat smaller angles of attack were generally 
O ohtained with the models than with the airplanes. A com- 

to parison of f r ee-spinninr^- wind-tunnel results with corre- 

spending full-scale spin results (unpublished) showed that 
80 percent of the model recovery tests predicted satisfac- 
torily the recoveries of the corresponding a irplanos and 
.that 10 percent over est imatod and 10 percent underosti-^ 
mated the number .of turns required for recovery of the 
airplanes. Although most of the discrepancies have re- 
mained unexplained, it nay be- assumed that the agteeraent 
would bo of tlie sarae order for inverted spins. 



RESULTS AKD DISOUSSIOIT 



Tho results of the inverted— spin tes.ts are presented 

in table II, in which the control deflections are given 
in terir^s 'of rtidder-pedal and stick displaceiaents • In 
addition to the resiO-ts for tests with the nornial control 
"configuration for spinning inycr 1 3 d - bha t is , one rudder 
pedal f orv;ard., -t he s t ick -nevitral laterally and -forward 
'■longitudinally (rridder full with spin,' ailerons neutral, 
aria elevator upwith respect to the gr ound) result s . are 
alsoshuvrn for -tests made with yar ious comb in^-t iOns of 
full lateral and longitudinal dispiac'enient s of the, control 
stick. , _ * ■ ■ 

^^^.^^^3J2t,^&2'^lL2l^^2iAlX9.S^^'^ examination of table 
II' shov/G th.r^^r.ppr oxima^tely 20 percent .of the- models would 
not sp.in inverted with the normal control configuration 
'f or . spinning inverted. The spins for a 11- t he jno4els ez- 
c-ept one wero steep (small a 's ) and Te'QOve^r ies. v/er e rapid. 
•These results were obtafned probably because, for a con- 
ventional tail layout, most of t he ver t ica 1 . ta il surface 
is not shielded by the tail plane when the model is spin- 
ning inverted and the tail da-mping-pov/er factor (reference 
4) is therefore relatively large. The values of this fac- 
tor are given in table I and are considerably greater than 
the miniiaum de^ ign; value of. 0.^ 0001^0 specif ied in reference 
4. Moving the stick rearward - that is, moving the ele- 
vator down with respect to the ground - tended to prevent 
the inverted spin. Thi? result tends to corroborate the 
statement m0.de -in referjonce^ 0 that, when an airplane is 
in an inverted spin, moving the stick rearward- will gener- 
ally cause recovery. 
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The lateral displacement of the stick also had a pro- 
nounced'^ef f ect on the "behavior of the models in inverted 
spins. Setting: the controls together (fig. l) - that is ^ 
stick right for a t^pin made with right rudder pedal for- 
ward (setting the ailerons against the rotation of the 
inverted model) - generally prevented the inverted spin 
regardless of the longitudinal location of the stick (ele- 
vator deflection)* Crossing the controlp= - that is, 
stick left for a spin made with the ri.^hl rudder pedal 
forward (putting the ailerons with the spinning rotation 
when inverted) - however, had the opposite effect, because 
spins could then oe obtained v/ith all models These spins 
were soaowhat flatter and had slower recoveries than spins 
with the stick neutral laterally, espec ir-lly when the 
stick was also forv/ard* With the stick left and forward 
and the right rudder pedal forward, recovery by rudder re- 
versal alone was impossible in many cases* 

H,^ialiiiii^iiliiiil^Il-.519LSs_distr 
^L'^^^R ^ef lect ion_on_spj,nnin£: It was concluded in ref- 
erence 6 that, for erect spins, the nans distribution of 
the airplane is a priiaary factor in determining the effect 
of aileron deflection; that is, for single-engine airplanes 
with the LnasG distributed mainly along the fuselage (monent 
of inertia about Y-axis ly appreciably greater than that 
about 2-ax:is Ix) » recovery was improved by setting the 
controls t ego ther (a iler ons with the spinning r otat ion 
when erect), For multiengine airplanes or for the present- 
day single-engine airplanes with wing ar.riament and wing 
fuel tanks (Ix greater than ly). however, crossing the 
controls (ailerons against the spinning rotation when 
erect) had a favorable effect on recovery. 

Although- the models tested in inverted spins covered 
a wide range of mass distribution, there v;as no' point at 
which the effect of aileron deflection reversed. For^all 
the models , .setting the controls together was beneficial 
and crossing them was adverse. Although mass distribution 
is a prime factor in determining the efi^'ect of aileron 
deflection for erect spins, it appears to have, within the 
limits of present-day design, little influence on the ef- 
fect of aileron deflection in the inverted spin. 

APPLICATION TO PULL-SCALE SPIHHIKG 

Although the model tost results generally indicated 
more rapid recovery from inverted than from erect spins, 



several considerations inaicate that spinning airplanes 
inverted raay "be relatively hazardous. Some of the factors 
involved are 

(1) Because of t-he high rate of deis^cent indicated 

iDy the model test results; the control forces 
may T^e so high that .the pilot cannot deflect 
the controls as. desired- 

(2) Yiclent oscillations of tho airplane may con- 

fuse the pilot and prevent his making tho 
. . . * desired control movements ; 

Because of these possible dif f i cul't io'S , precautions should 
he taken to enable the pilot to move the controls to the 
desired positions. Ihe ability of the pilot to move the 
controls can ho improved if properly adjusted safety helt^ 
chest and shoulder harness, and toe straps are used. 

OOITCLITSIOUS 

Invortod-spin tests of 44 models in the KACA 15-foot 
and 20-foot f r oe*-spinning tunnels indicated the following 
conclus ions : 

1, ^!ho inverted spins wore usually, steep and there- 
fore tho rate of descent was relatively high* For the nor- 
mal control position for spinning inverted (stick laterally 
neutral and loni'iitudinally forward, rudder with the spin), 
recovery "by reversal of the rudder alone generally v;as 
rapid. 

2, Pulling the stick hack diminished the tendency for 
the models to spin, 

3« Ehe aileron effect was quite marked. The results 
of the tests obtained with the r.odels spinning inverted 
Indicated that, within the range of mass distribution of 
present-day airplanes, setting the controls together 
(ailerons and rudder in the same direction) tended to pre- 
vent the inverted spin and crossing these controls retard- 
ed recovery from the inverted spin. 

4. Because of practical factors, inverted spins may 
be hazardous and tests should be approached with caution* 

Langley Hemorial Aeronautical Laboratory, 

Kational Advisory Committee for Aeronautics, 
Langloy Field, Va, , 
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TABLE I,- DIMENSIONAL AND MASS CHARACTERISTICS OF AIRPLANES REPRESENTED BY MODEF.?! 



Airplane 
re pre • 
sented 



b; 



XF2A-2 
P8A-1 
N3N-3 
XP5F-1 



XPL-1 
XP-40 
XSB2A-1 
XSB2C-1 



XBT-12 
SBD-1 
B-26 
A-20 



XBT-13 
XBT-11 
0-52 
XP-46 



XP-50 
P-44 
XP-56 
XTBU-1 

XTBF-1 
YP-43 
I XP.47B 
i feT-14 



XP-60 
XP-61 
XAT-15 
XP-59 



P-39D 
XAT-13 
CW24-B 
DC -3 



XP-63 
XP-67 
P-40E 
P.40F 



XSB5C- 
XP.69 
SNC-1 
XP-62 



XF6P-5 
XSB2D-1 
XP-60A 
XF14C-1 



Kumber of 
vertical 
tails 



1 
1 
1 
1 



2 
1 
C 
1 



Number 

of 
winga 



1 
1 
1 
1 



1 
1 
1 
1 



1 
1 
1 
1 



Vertical 
location 
of wing 



Mid 
Hid 
High-low 
Low 



Low 
Low 
Mid 
Mid 



Low 
Low 

High 
High 



Low 
Low 
High 
Low 



Low 
Low 
Mid 
Mid 



Mid 
Low 
Low 
Low 



Low 

Mid 
High 
Mid 



Low 
Mid 
Low 
Low 



Low 
Mid 
Low 
Low 



Low 
Mid 
Low 
Low 



Mid 
Mid 
Low 
Low 



Wing 
span 

(ft) 



Tail damping- 
power factor 
when model is 
inverted 
(a) 



Airplane 
mass 
(slugs) 



35 
36 
34 
42 



35 
37 ♦29 
47 
50 



40.03 
41 ♦SI 
66 
61.331 



42 
42 

40.79 
34.33 



42 
38 

40.59 
57.18 



54.17 

36 

40.78 
41.02 



41.44 

66 

59.68 
40 



1 



34 

52.5 
36.58 
95 



38.33 
55 
37.29 
37.29 



51.95 

52 
35 
53.65 



42.83 
48 
41.31 
45.6 



0.001042 
.001042 
.000546 
.000916 



.000499 
.001043 
.000812 
.000600 



.000865 
•001442 
.001055 
.001852 



.000935 
.000508 
.001169 
.000924 



.001218 
.001710 



.000995 



.000379 
.001680 
.001835 
.000649 



.000627 
.000962 
.001636 
.003780 



.001151 
.001166 
.000092 
.001301 



.001328 
.001116 
.000958 
.000968 



.001052 
.001910 
.002150 
.000706 



.000878 
.002180 
.001367 
.000965 



166 
158 
87 
268 



193 
212 
315 
316 



133 
236 
826 

592 



131 
137 
158 
210 



324 
270 
316 
410 



411 
214 
369 
139 



288 
800 
379 
348 



230 
328 
101 
795 



231 
629 
266 
264 



436 

559 
113 
452 



344 

454 

294 
396 



Moments of glnertia 
(alug-ft*^) 



2,110 
2,095 
1,583 
10,787 



2,750 
2,172 
10,204 
8,150 



2,492 
4,841 
63,651 
33,706 



2 
2 

3, 

3,1 



,659 

,700 



,705 
,285 



3,410 
2,440 
2,362 
7,174 

4,560 
6,744 
17,714 
13,475 

4,170 
8,692 
69,798 
24,557 

4,122 j 
4,360 i 
4,970 I 
5,540 



13,795 I 7,582 
i 4,903 8,130 
j 9,313 j 6,834 
'12,543 |23,969 




5,080 
5,130 
3,487 
17,264 

6,890 
8,602 
27,019 
20,470 



6,293 
12,544 
129,371 
55,287 



6,201 
5,900 
7,580 
8,550 



21,210 I 

11,819 ; 

15,635 
34,911 i 



8,920 9,181 
53,494 
20,370 

6,330 



5,^.01 
'15,600 
1,410 
66,668 



17,224 
35,082 83,423 
19,934 37,736 
8,320 : 14,000 



6,077 ' 10,704 
11,016 ! 25,183 

4,062 : 5,042 
91,690 ;i50,420 



6,340 I 7,642 
41,989 !25,696 
5,430 7,827 
5,029 i 7,899 



16,100 
26,446 
1,242 
13,241 



20,800 
49,174 

2,863 
22,545 



13,202 
63,625 
12,505 
12,146 



35,200 I 
73,746 ! 

3,937 i 
33,714 1 



8,787 11,563 ' 19,950 | 

13,934 25,533' 37,832 ; 

7,931 10,690' 17,636 | 

11,713 14,743 ! 24,338 1 



*Tall damping-power factor is defined in reference 4. 
^Data presented are for landplane version. 
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TABLE IL.- aiFFBCT OP AILERON AMD ELEVATOR DEFLECTIONS CN ANGLE OP 
ATTACK a OP, AND TUPNS FOR RECOVERY N FROM, IN\'SBTSD SPINS 



lACA 



[Angl» of attack given for rudder with spins j rannv 
attafflptad by rapid full rudder reTaraal] 



try 



Alrplans 
repre- 
sented 



F3A-1 
XF5P.1 



XFL-1 
XP-40 
XSB2A-1 
XSB2C-1 



XBT-12 
STD-l 
E-26 
A -20 



XBT-13 
XPT-11 
0-52 
XP-46 



XP-50 
P-44 



Stick and rudder together 
{ailerons against Inrerted 

SDln) 



Stick 
forward 



{deg) ( turns) 



NO 
SO 



(deg)|( turns) 



NC 

NO 



(b) 



NO 
NO 



NO 
NO 
NO 
NO 



NO 
*?0 

NO 
NO 

i 



NO 
NO 



Stick 
neutral 



Stick 
back 



( deg ) ( turns ) 



(b) 



NO 



NO 
NO 



NO 
NO 

NO 
NO 

i 



NO 

NO 



NO 

NO 
NO 



(b) 
(b) 



Stick neutral laterally 
(ailerons neutral) 



Stick and riadder cro«a«d 
(ailerons vlth Inverted 

spin) 



Stick 
forward 



(deg) 



N 

( turns } 



NO 

NO 



76 



XTBD-1 ' 


^10 


WO 

1 


1 


XT?F-1 


NO 


NO 




YP-43 


— 1 










XP-47B 


NO • 


NO 




BT-14 


NO 


NO 




XP-60 


NO 


NO 




XP-61 


NO 


NO 




XAT-15 


NO 









XP-59 


NO 


NO 




P-29D 


(b) 


1/4 






(b) 


XAT-13 












CW24-B 


NO 


NO 




DC-3 












XP-63 












XP-67 


NO 


*I0 




P-40S 


NO 


NO 




P-40F 


27 


1/2 






28 


XSB5C-1 


NO 


NO 




XP-69 


NO 


NO 




SHC-1 


NO 


NO 




XP-62 


N 


0 


NO 

i 




XP6P-S 


(b) 




1 

SO 




XSB2D-1 


NO 


NO 




ZP-6QA 


SO 


NO 




XF14C-1 

1 


NO 

1 









NO 

NO 



MO 

MO 



NO 
NO 



NO 
NO 
NO 
NO 



NO 
NO 



^0 



NO 

NO 



N'O 
HO 
NO 
NO 



3/4 



(b) 
(b) 
32 



Stick 
neutral 



(deg )l( turns 1 



(b) 

(b) 



1/4 



4 

T/2 



NO 
NO 



(b) 



NO 

29 . 1/2 
(b) i 

I .... 

i 

NO 
NO. 
47 . 

33 ; 1/2 



(b) 
(b) 
(b) 
(b) 



1/2 
1/2 
3/4 

0 

I 

! 3/4 



NO 

NO 
KO 







31 


1 


45 


3/4 


29 


1/2 



(b) 
31 



NO 


43 


NO 


26 


NO 


34 


NO 


35 



1/2 
1/4 

1/2 



1/2 



1/4 



NO 
NO 

NO 



Stick 
back 



Stick 
forward 



('^eg)l( turns) (deg) 



(b) I 1/4 
NO 

MO 
NO 



(b) 



(b) 



NO 
NO 



NO 
^^0 



NO 
NO 

NC 

I 

NO 



da 



(b) 
(b) 



NO 

;;o 



NO 

>:o 



NO 
NO 



1 
i/4 



(b) 



3/4 



NO 
NO 



t 

NO 



85 1/2 
NO 



NO 
NO 



39 I 3/4 

NO 

NO 

34 l/2 



41 

NO 

35 , 1/2 
NO 



62 1/2 
NO 



NO 

44 i 3/4 



(b) 
50 



50 
(b) 
48 



b2 , 
36 i 



N 

turns) 



(deg) (turns) 



1/4 



Stick 
neutral 



(b) 



1/2 

1/2' 

2 



1/4 



Stick 
back 



(deg)l( turns) 



NO 
NO 
NO 



NO 


43 




40 


i 2 


70 




55 


NO 


37 


3/4 


32 


1 

NO 


■■ i'4 


1 


(b) 




(9) 


'"3" 


35 


HO 


43 




40 


•JO 


, 29 




22 


i 

1 1/2 






47 


NO 


35 








; 50 


1 


37 


NO 








i 










51 


3/4 


39 



NO 

NO 

(b) j -I. 

I 

SO 1 
44 I 1^ 

NO 
44 , 1 



3/4 



1 

1/2 

C 

1/2 



NO 
NO 



(b) 



NO 
31 , 1 

NO 

27 , 3/4 



1/4 



4 



NO 

30 , 1/4 

(b) ] 

NO 



HO 



3/4 



NO 
NO 



4 



NO 
NO 



NO 

30 1/2 

I 

NO 
NO 
NO 
NO 



•4 



d.-K 











I 40 


I 


37 


1 


31 




33 


1 






26 


1/4 


44 






NO 










36 




24 


1/2 


46 




32 


1 


44 




34 




28 


1 


26 


3/4 


43 




34 




33 




31 





'no Indicate* the model would not spin. 
^Steep spin* 

CRasblts presented for landplane version. 

*Modol had not recovered In number of turns Indicated • 

^Spln at JBoderate angle of attack. 

^Model would not recover Indicated by • • 



NACA 



r 




F/(yfur(^ /. - 5'ticA and rudder pedal together 
if) on t/wer t ed sp/n . 



